This paper examines the evolution of concentration in the global arms market, or industry, over the period 1990-2013 and considers its prospects. Using data from the Stockholm International Peace Research Institute (SIPRI) list of the largest 100 arms producing firms, it finds that within the international arms industry, there has been change but also continuity, particularly in the nature of the markets and the relations between the main producers and governments. While the changes that have taken place are important, it is still political rather than economic logic that shapes the evolution of the market. Certainly the arms industry remains relatively unconcentrated compared to other industries probably because of the domestic preferences in procurement by national governments. Countries do not like monopoly arms producers, but there is no western country other than the United States that can currently support more than one competitor, although in the near future Russia could and China may provide serious international competition to the U.S. What is clear is that there are economic forces pushing for increased competition, but the final outcome will be determined by political forces, and transparency and governance will become increasingly important issues.
T his article examines the evolution of concentration in the global arms market, or industry, over the period . It uses data from the Stockholm International Peace Research Institute's (SIPRI) annual listing of the largest 100 arms producing firms. This list is a very valuable resource for analyzing the market, and researchers must be grateful for this asset. Although we use SIPRI's definition of the market, we recognize the difficulty of defining the arms market in terms of the usual criteria for defining an industry, or market, in terms of product, use, or geographical space. While the industry's products might appear quite heterogeneous (e.g., aircraft, tanks, or ships), they may be substitutable in use and Ministries of Defense (MoDs) need to determine the right mix of products for the appropriate application of force. However, their use is not unambiguous and purchase by MoDs is not a defining characteristic. MoDs also are major users of oil and petroleum products, which can account for a substantial part of their budgets, yet these are not normally regarded as part of the arms market, and similar comments apply to a variety of dual-use products. Additionally, MoDs purchase services from private companies, including private military companies, which are taking an increasing part of their defense budget as well. These companies now are being included in the SIPRI list.
For some products in some countries, the arms market is purely national, as the relevant MoD would not purchase from abroad, but even here there may be potential substitution. Even the United States, the most arms self-reliant country, purchases weapons on the global market. For other purposes, narrower definitions of the market may be useful, but here we use a wide definition. Inevitably, there are omissions. In particular, SIPRI does not include data on Chinese companies and the information on some other countries is limited.
There is a large literature on the arms industry. Dunne (2009) discusses the evolution of the concentration in the arms industry, which at the end of the cold war era was very low. Dunne (1995 ), Brauer (2007 , and Hartley (2007) have general discussions of the industry. Reviews of the structure of the industry are given in Smith (1990; 2001; 2013) . There are also studies of the industries in individual countries. Recent examples are Caruso and Locatelli (2013) on Italy and Mauro and Oudot (2014) on France. There are, however, considerable changes taking place in the industry, in terms of its structure, composition, and spatial characteristics, and so it is useful to have an updated analysis. This article provides this.
The next section considers arms industry dynamics, such as demand and supply side issues and the changes that occurred with the end of the cold war. This is followed by an analysis of the changes in concentration in the international arms industry since 1990, using Herfindahl-Hirschman indices. We then consider the size distribution of arms companies using power law representations. The final section presents some conclusions and considers the prospects for the industry.
Arms industry dynamics
Arms firms are often national champions who have a monopoly in arms production, giving the incumbent a clear advantage over outsiders considering market entry. Barriers to market entry, and exit, are important and the list of companies has been surprisingly stable. Despite the recent restructuring of defense prime contractors (the primes) and there being some mergers, the names of the top companies remain evident: Boeing, BAE, Northrop Grumman, and so, as shown in Table 1 .
The evolution of the industry is driven by demand and supply forces. Demand depends on the size of the market, the level of military expenditure, itself a function of income (GDP) and perceived threats, the split of expenditure among new equipment, personnel, maintenance, and budget distribution over products and countries. On the supply side, a dialectical interaction exists between pressures for internationalization and pressures for nationalization to maintain domestic production. In production, large fixed costs, learning curves, and economies of scale make minimum efficient scales large and so provide incentives to internationalize. Yet states wish to maintain national technological autonomy and a defense industrial base to ensure security of supply for weapons. States also face tension between promoting competition to reduce prices in the face of the high fixed costs and economies of scale that promote monopoly. States are always actors in the arms industry as they buy arms, determine the quality/quantity mix of domestic production, pay for R&D, license exports for strategic or other reasons, and often own defense firms, e.g., in France. A theoretical model of the determination of the defense industrial base and the size of the arms industry is provided in Dunne, et al. (2007) .
On the demand side, military expenditure and arms exports peaked in the mid-1980s, then fell gradually at first, then more rapidly with the disintegration of the Soviet Union. Arms trade halved from the mid-1980s to the mid-1990s. The decline in military expenditure bottomed out in the late 1990s. Post-9/11, however, the Global War on Terror led by the United States resulted in military expenditure increasing again and reinforced the U.S. dominance of world military expenditure. At around the time of the 2008 global financial crisis, the U.S. accounted for 40 percent of the world total. Austerity measures in Europe and elsewhere, and the withdrawal from Afghanistan and Iraq, then reduced military expenditure, but growth in military expenditure emerged in other world regions, such as Asia and Russia.
The end of the cold war era produced not just a quantitative change in the amount of weaponry but a qualitative change in the type of weapons required. The Revolution in Military Affairs, which emphasized network-centric warfare and asymmetric conflict, changed the technology requirements of weapons systems and was associated with changes from technology spin-offs (to civilian markets) to spin-ins (from civilian markets). This recognized the advancement of civil technologies beyond military technology in many areas and led to the sourcing of major components and systems from civil companies, and company takeovers, to gain technological capabilities. In the United Kingdom, this is referred to as the use of civil-off-the-shelf technology.
The reduction in demand at the end of the cold war prompted a variety of corporate responses on the supply side, as reviewed in Smith and Smith (1992) . Firms divested their military assets and converted or diversified to civilian activities, cooperated, merged, or took over competitors and internationalized. The financial system aided the mergers and acquisition process, and the U.S. government subsidized it. Although the primes might appear national champions, the supply chains were in fact international and even countries that appeared to import little, like the U.S., had many imported This article examines the evolution of the global arms industry, in particular in regard to firm concentration ratios. It is found that while the industry tends to follow the predicted power law distribution, for its size, the industry still lags behind civilian industry in terms of the expected degree of global concentration.
components in their systems. European restructuring was different, in part because of the involvement of domestic governments, but consolidation still happened to some degree. Increasingly, company restructuring has to be seen in conjunction with other states: allies, suppliers, collaborative production, and so on (Dunne, 2009) .
Concentration
As noted, treating the international arms industry as an undifferentiated entity in itself is not without question. Defining the relevant market boundaries is difficult and the analysis here is restricted to data collected on the top-100 companies. Not only are there cross-country compositional concerns, but there are also problems on where the arms industry starts and ends. Different definitions and limits to data availability can lead to problems in aggregation and in composition. There is also a further composition effect in that the industry strongly depends on relative military expenditure, wherefore the demand side is dominated by U.S. spending. A widely used measure of industry concentration is the Herfindahl-Hirschman Index (HHI). This is constructed by first ranking the top-100 companies by size, for example, as measured by arms sales A i ; i = 1, 2, ..., 100, and calculating each firm's share as For the period 1990-2001, the concentration index, the HHI, more than doubled for arms sales, from 0.02 to 0.05, before declining again (Figure 2 ). In 2011, the HHI was similar to 1996, at 0.035, or about 28 equivalent firms. By DoJ criteria, this is a very low level of concentration, although for particular products, like fast jets, concentration would be higher.
SIPRI also gives data for total sales, rather than only armsrelated sales, for the companies that it identifies as arms firms. The HHI for total sales is higher than for arms sales. This again shows that arms sales are less concentrated than civilian sales.
The pattern of restructuring identified in the previous section is clearly evident in the HHI-concentration numbers for the top-100 arms producers, in both arms sales and total sales. Concentration rose sharply following the end of the cold war when world military expenditure fell. Then concentration fell again when defense spending rose after 9/11. In the United States, a big increase in concentration occurred between the 1993 "Last Supper" event-when then-Deputy Secretary of Defense William Perry encouraged defense industry CEOs to merge their firms-and the 1997 block on a proposed Lockheed-Northrop merger.
To get some idea of the concentration of the industry, Thus, concentration in the this industry is not very high as compared to industries with similar cost structures, e.g., civil aircraft or pharmaceuticals. Partly this is because unlike most manufacturing industries, which went multinational, the arms industry remained national.
To get a better idea of changes in the size distribution of the companies, an equivalent representation is to plot the log rank against log arms sales (Figure 3, for selected years) . This shows how rank rises as firm sales rise and again illustrates that sales are higher among the top-ranked firms relative to what would be predicted from each of the fitted values lines. This is in fact a similar feature for all firms, but somewhat more marked for the arms industry. This distribution can be summarized using a power law regression. (Power laws or Pareto distributions occur for many phenomena such as city size, business size, income, or wealth.) The relationship between firm rank (R) and size (S) can be written as
A special case is Zipf's law, where b=|1|, coming from linguist Zipf's observation that the frequency of any word in a language is in proportion to its rank in the frequency table. The most frequently used word (rank 1) occurs twice as often as the second most frequently used word, and so on. This does seem to work well for the distribution of firm size as well, but there is a downward bias on estimation which has been dealt with by using the Gabaix and Ibragimov (2011) correction and estimating
where S i is arms sales of the firm ranked R i .
If b=|1| then the distribution fits the Zipf distribution; if b>|1| there is a tendency for concentration to larger firms; and if b<|1| there is a tendency for concentration to smaller firms. This last result implies that size diminishes less than the quotient between the largest firm and the rank a firm occupies. In general, the size distribution of firms tends to follow the distribution with an exponent of about 1.06 (Gabaix, 2016) .
A useful way of seeing the change over time is to consider the evolution of the b coefficient. Thus, Figure 4 shows a clear change in the coefficient value from above to below (absolute) one, with the transition taking place in the early 2000s. In the late 2000s, it declines again and is close to 1 by 2011. Looking at the distributions for selected years, 1990, 1995, 2000, 2005, and 2010, in Figure 3 , one notices that the break-away from the fitted lines at the highest arms sales levels is relatively consistent over time and that while concentration changed, the pattern at the top ranks did not. (To get a sense of how the structure of the arms industry differs from industry in general one can refer to Luttmer, 2007 , which considers how well cumulative employment in the U.S. is approximated by gamma and lognormal distributions. His work suggests that, except for the largest international arms-industry firms, a similar distribution applies.)
A clear pattern thus emerges, with the expected changes in arms industry concentration following rises and falls in demand in an industry with high fixed costs, but what happened was rather large. Concentration peaked in the early 2000s. Although it has declined since then, it is not back to the relatively low concentration level of the early-1990s. The fall in R&D was less than the decline in military spending, so fixed costs have risen for the industry.
Despite the increase in concentration that has occurred, the nature of market is such that it should be more concentrated and more multinational than it currently is. Even if one looks at narrow categories, military production tends to be much less concentrated than civilian production. For instance, there are more manufacturers of fast military jet aircraft than of large civil aircraft.
It is likely that national governments' policies such as the blocking of the 2012 proposal to merge BAE and EADS, have restrained the tendency to higher concentration that would have resulted from the operation of market forces. Market forces, however, are likely to maintain the pressure toward concentration.
Conclusion and prospects
Within the international arms industry, there has been change but also continuity, particularly in the nature of the markets and the relations between the main producers and governments. While the changes that have taken place are important, it is still political rather than economic logic that shapes the evolution of the market. After the end of the cold war, the industry restructured, and it continues to do so, but there are differences to the initial trends. Certainly the arms industry remains relatively unconcentrated as compared to other industries, probably because of the domestic procurement preferences exerted by national governments. With the decline in demand after the cold war came a continued increase in R&D intensity, representing fixed costs for the companies, and this led to increases in concentration. After the 9/11 attack on the United States, there was an increase in demand and a resulting reduction in concentration, but firm concentration is not yet back to the level of the 1990s.
The U.S. arms industry is still dominant, but this is not the whole story and there are important differences between the U.S. and Europe that need further investigation. While the U.S. restructuring continues, the EU has been slower and restructuring still has some way to go. With the limited demand in Europe, there should be more focused and concentrated production, with some regions producing major weapon systems and with the rest involved in niche and supply chain production, but this is a long way off. The U.S. dominance remains and U.S. and European links have developed, but there are also important new global players, China and Russia most noticeably, but also the other two BRIC countries, Brazil and 
